Abstract. The results of the DFT and MP2 theoretical investigation of 2-(pyridin-2-yl)-1H-benzimidazole intramolecular dynamics are presented. The structural parameters of 2-(pyridin-2-yl)-1H-benzimidazole conformers were obtained by these methods; barriers of internal rotation were estimated. GIAO-calculated NMR chemical shifts ( 1 H and 13 C) as obtained at various computational levels are reported for the 2-(pyridin-2-yl)-1H-benzimidazole conformers. The comparative analysis of experimental and computer NMR spectroscopy results revealed that the GIAO method with B3LYP/6-31G(d,p) level of theory and the PCM approach can be used to estimate the NMR 1 H and 13 C spectra parameters of the 2-(pyridin-2-yl)-1H-benzimidazole.
Introduction
Benzimidazole derivatives are promising leading compounds in the design of substances with antimicrobial, antiviral and anticancer activity [16] . Introduction of pyridine fragment to the benzimidazole structure provides additional coordination center and offers opportunities to create new biomimetic catalytic and sensor systems. 2-(pyridin-2-yl)-1H-benzimidazole (PBI) is a very versatile multidonor ligand displaying three potential donor atoms, one sp 3 -and two sp 2 -hybridized N-donors, and is particularly interesting in view of its own pharmacological properties as an antibacterial [12] and anti-inflammatory agent [15] . PBI is a key structural element in the design of the allosteric activators of glucokinase [6] , PBI and other benzimidazole 2-aryl derivatives show high anticancer activity [13] . PBI complexes with Pd (II) are effective catalysts for the Heck reaction [6] , in the case of Co (II) complexes are sensors for the amino acids determination in aqueous media. Neutral and cationic mono-and dinuclear Au(I)/Au(III) complexes derived from PBI show antitumor properties [3] . PBI and its derivatives have interesting photochemical and photophysical properties [5] . This provides PBI using as a model compound for the determination of water content and proton transfer processes investigations in membrane fuel cells [5; 7-9] .
The efficiency and selectivity of these systems will depend on the conformational properties of the piridynil as well as benzimidazole fragments. The intramolecular dynamics of the PBI was investigated experimentally by NMR 1 H and 13 C spectroscopy [18] . The aim of this work is a comprehensive study of the PBI intramolecular dynamics as well as its NMR 1 H and 13 C spectra by DFT and MP2 methods.
Experimental
PBI was obtained as reported elsewhere [14] . 1 H and 13 C spectra were recorded in DMSO-d 6 on 400/100 MHz NMR spectrometer (Bruker Avance II 400) and chemical shifts values () are given in parts per million relative to tetramethylsilane (TMS). Solvent, DMSO-d 6 was Sigma-Aldrich reagent and was used without additional purification.
Molecular geometry and electronic structure parameters, thermodynamic characteristics of the 2-(pyridin-2-yl)-1H-benzimidazole conformers were calculated using the Gaussian 09 [4] software package. Geometric parameters, harmonic vibrational frequencies, and the vibrational contribution to the zero-point vibrational energy were determined after full geometry optimization in the framework of B3LYP/ 6-31G and B3LYP/6-311G(d,p) density functional calculations as well as MP2/6-31G ones. The optimized geometric parameters were used for total electronic energy calculations by the B3LYP/6-31G, B3LYP/6-311G(d,p), and MP2/6-31G methods. The 6-31G basis set was used in this work because it has a low computational cost. The B3LYP/6-311G(d,p) method was used to elucidate the effect of basis set extension on the results of calculations. Fig. 1 presents PBI molecule atom numbering used for geometric and 1 H and 13 C NMR spectra parameters.
The magnetic shielding tensors (, ppm) for 1 H and 13 С nuclei of the PBI conformers were calculated with the МР2/6-31G(d,p) and МР2/6-31G(d,p)/PCM optimized geometries by standard GIAO (GaugeIndependent Atomic Orbital) approach [17] . The calculated magnetic isotropic shielding tensors,  i , were transformed to chemical shifts relative to TMS, Inspecting the overall agreement between experimental and theoretical spectra RMS errors () were used to consider the quality of the 1 H and 13 С nuclei chemical shifts calculations. Correlation coefficients (R) were calculated to estimate the agreement between spectral patterns and trends.
Results and Discussions

Conformers and rotational barriers
The potential energy pathway for internal rotation in PBI molecule was estimated by optimizing the molecular geometries with different dihedral angle between the two aromatic planes. The barriers to internal rotation were calculated within the framework of B3LYP/6-31G, B3LYP/ 6-311G(d,p), MP2/6-31G and MP2/6-311G(d,p) methods. The dependence of the potential energy on the dihedral angle (Fig. 2) was determined by scanning the dihedral angle N(1)-C(7)-C(8)-C(9) (used as internal rotation coordinate ) from 0 to 360° with an increment of 15° and geometry optimization in each step. Rotation was performed sequentially about the С(7)-С(8) bond. At each energy minimum, the molecular geometry was fully optimized. The analysis of vibrational frequency was also performed at the same level of theory, and the calculation results revealed that the PBI conformers have no imaginary frequency.
The internal dynamics curves of the pyridinyl moiety around С (7) (Table 1 ). The equilibrium structures of the PBI conformers are shown in Fig. 2 . Relative electronic energies of them are listed in Table 1 and indicate that conformer 1 dominate at room temperature wheares the content of conformers 2 and 3 is low. Fig. 3 presents the visualization of HOMO and LUMO for BIP conformers (Table 2) .
Experimentally obtained activation free energy for the interconversion between the PBI unequally populated rotamers as reported in [18] are 63.3 kJ/ mol (NMR 1 H data) and 59.4 kJ/mol (NMR 13 C data). Thus rotation barriers obtained within B3LYP method are in reasonable agreement with experimental data. (1 and 2) were considered. The МР2/6-31G(d,p) and МР2/6-31G(d,p)/PCM as well as B3LYP/6-31G(d,p) and B3LYP/6-31G(d,p)/ PCM optimized geometries were used for magnetic shielding tensors calculation by standard GIAO method. The chemical shifts of PBI at different computational levels are listed in Table 3 along with the corresponding experimental solution data.
Concerning the spectral patterns of protons and carbons, inspection of Table 3 reveals the following features. The patterns of 1 H and 13 C spectra of BIP are correctly reproduced at all used computational levels. Although both levels yield qualitatively similar results, the experimental patterns are better reproduced by B3LYP calculations.
When passing to the calculations in the PCM mode solvation accounting leads to more correct results for the MP2 and B3LYP methods. The lowest  values are obtained with B3LYP/6-31G(d,p) basis set. Linear relationships between the experimental chemical shifts and the calculated ones have been obtained for both methods. The correlation coefficients (R) corresponding to obtained dependences are shown in Table 3 . Joint account of s and R values indicates possibility of B3LYP method with 6-31G(d,p) basis set using for the calculation of the BIP chemical shifts. Using of the PCM mode in calculations is preferable as compared to the isolated particle approximation. 
